uEPA AN SAB REPORT
- SUPERFUND SITE HEALTH
" RISK ASSESSMENT B
GUIDELINES I A

| ffREVIEW OF THE OFFICE ou=
~ SOLID WASTE AND |
'~ EMERGENCY RESPONSES
~ DRAFT RISK ASSESSMENT

S umaa o mﬂm £5 % f et s m h
NS e i *ﬁwi— B3 uur"i..i“\i UNU

~ HUMAN HEALTH EVALUATION'

'~ MANUAL BY THE

ST ENIRONMENAL HEALTH
‘_}COMMITTEE



0 ‘ ‘ N ' ‘ : .
,@“5"@. _ UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

v
i"m 3 WASHINGTON, D.C. 20460 |

February 22, 1993 O RCE ADVISOA TR

EPA-SAB-BHC-83-007

Monarable Carel M. Brownar : -
Administrator

U.8. Environmental Protection Agency

401 M Streat, S.W

Washington, DC 20460

W, O

Subjeét: Science Advisory Board Raview of the Office of Solid Wasts and
Emergency Response draft Risk Assessment Guidanece for Superfund (RAGS),
Human Health Evaluation Manual (HHEM),

Dear Ms. 8rowner

iy

Early in the implementation of the Comprehensive Emergency Response
Compensation and Liability Act, the EPA's Offica of Solid Waste and Emergency
‘Réspanse (OSWER) decidad to rely heavily on site-specific assessments of human and
environmental risk to determine the need for remedial action, and to set protective
cleanup levels. This approach was utilized because of the 'substantial differences in
land usa activities, terrain, hydrogeoicgy, and nature and extent of contamination fram

site to site. ‘ } . L ~—e

OSWER deveioped risk assessment guidance for Superfund te increase
consistency in the way risk assessments are conducted within and across EPA '
Regional offices. The health risk assessment guidance for the Superfund program.is
codified in saveral documents, hereafter referred to cailectively as the Risk Assessment
Guidance for Superfund, Human Health Evaluation Manual (RAGS/HHEM). To ensurs
that the final RAGS/HHEM document reflects. state-of-the-art tachnicat guidance, and to
comply with the recommendations of the Superfund 30-Day $tudy Task Feres that
OSWER should seek intefmal and external review of the Superfund risk assessment
guidance, OSWER officials requested that the Science Advisory Board review selected
issues addressed by the RAGS/HHEM document. Consequently, the Science Advisory
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Boerd's Environmentel Health commmee (EHG) met on Apnl 7-3 1992 in Eelhesda
Meryiend to revlew four broed issues relehng to Superfund human heelth risk assess-
-ment: DR A U | ,

N -‘e)ﬂif‘i\- Def‘ ning ano calct.llatlng the Reesonable Maxlrnum Exposure (RME} -a
D oonservetnve exposure case. (‘ i.e., we!l ebove the eversge} that is St
w:thm the rengo of pOSSiblE exposures
- b I-'iAssessing eno deelmg with exposures to mult(ple chemu:els - Usmg the
I l-Hazard index (HI)!Hazerd Quotlent (HQ) to assese esk

o o) _ji..Referenee doses m goal-settmg - use of ohroniolsub-dwronic RDs eno
o -;spec:lf' ic: populehons to set nsk driven remednaﬁon goels

Sd) € Short-term toxue:ty veiues e use of eppropnete defaults for oherectenzing N
L less-then-lifet:me exposure to tomeants : \

o The Commlttee foune OSWER's attempts 1o mprove the oons:stency of itg risk
assessment methodology pralseworthy The OSWER hae (understandehly gwen the

~ range and eomplo:dty of the 1ssues"addresed) not. suooeeded fully in meetmg their

. goa!s but has msdo a good stert. The Commnttees fndings note whera a radirection in
' epproeoh is oel!ed for end provuoe adwoe where poss:bte |

- The Commxttee :s of the opmson thet there are some serious oonoeptuel and

. practloal preblems w1th the proposa! to ealou!ete an RME based on an’ upper oonﬁ-

deﬂoe !!rmt (UC‘L) oﬂ, he everec-e eoneentrehon et 2 ete Gwep tha eroooeer‘ met.hofh

- for oumpuung the UC‘.L ils unoertymg steustzoas essumpuons and proolems i gealing |
. with’ the spetiel dnstnbut:on of oontemmahon we-a-vis the relahve frequency with which

. pecple are fikely to v:sit varlous parts of the site, the' resultmg yeL may have. litle; il
-any, relet!on to ectusl eonoentreeons to whuoh people mey be exposeo at a site, The

Committee reeommenos that- the EPA move toa d:stnbuuonel eppreeeh for calculating

' the RME, Le., develop distributions for each of the terms or variables needed to

| caleulate indnnduel exposures end the:r olstnbut!ons ‘These distributions determine a -
f "subsequent distnbut!on for exposure whroh can be m!ouieted usmg Monte Carlo

a “methods. A peruouler peroenule of th:s exposure distribution, such as the $0th percen-

" tile; couid then be used as the ‘definition of the RME, To imp!ement such an approach,
EPA ehould develop default dlstﬂbutions for exposure paremeters unhkely tovary



significantly from site to site, In sstuaticms where s:te-specsf ¢ condutsons may be unigue,
however, the collection of site- specuﬁc data is encnuraged Until this approach can be
put into use, a modification of the current approach may have to be used. The
Committee agrees with OSWER that, as lc:ng as some type of mean concentration is to
he employed to estirnate human exposure an anthmetic mean ns more appropnata than
a geometric mean.

. The Committee is concerned about the approach of using Reference Dose (RfD)-
deﬁved Hazard Quotients/Hazard Indices as a basis for adding “risks* from exposure to
complex mixtures; it is not truly risks which are heing added when the proposed ap-

. proach is used. Quantitative applications using dose-response data (not the "point”
data represented by Lowest Observed Adverse Effects Levet/No Observed Adverse
Effects Level (LOAEL/NOAEL)-derived R{Ds) would be preferable, as would the use of
alternatives to the current default approaches that assume risk additivity. The use of
the H! itself can be rmisleading, and it should be used as a "fallback,” with tull recogni*
tion of its flaws, only when more refined toxicological data are not available,

* The HHEM recommends using the RID as the toxicity criterion for each of the
other effects believed 1o be caused by a given agent in a ¢chemical mixture. This
proposal does not deal with effect interactions, nor with the fact that many RfDs are
based on nan-specific endpoints which tan stem from many different causes. It is not
nearly as seriously flawed as the alternatives presently in use, however, and despite its
flaws is an improvement.

Three approaches for using RfDs to develop risk-based remediation goals.for.
ALt P -*“H e2il involyirg di¥aring sxposura seanaras and taret nepulations wars
presented. The most supportable of these uses a aﬁ-year umé-weaigniad averagas wil
a ehranic RID; differences between the three approaches are not dramatic however,
and OSWER should study all three approaches to verify its ultimate choice (or range of
choicas). '

The Committee sees ne particular problems in the existing approach for dealing
with short-term toxicity estimates. OSWER should take cognizance of the EPA-spon-
sored wark at the Nationa! Academy of Sciences on Community Emergency Exposure
Levels, and of the work on Emergency Response Planning Guidelines by the American
Conference of Governmental Iridustrial Hygienists. |
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N We appreciate havmg been gwen the opportumty to address these ISSUBS and |
e lank forward to recewing your responsa to our cnmments ' :
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. ABSTRACT

The Office of Solid Waste and Emergency Response (OSWER) developed the
Risk Assessment Guidance for Superfund (RAGS), Human Health Evalualion Manual
(HHEM), Part A—~Baseline Risk Assessment (December 1589), supplemented in
March 1991 with Standard Default Exposure Factors guidance, and Part B--Develop-
ment of Risk-based Preliminary Remediation Goals, and Part C~Risk Evaluation of
Remedial Alternatives in December 1991 (as interim documents) to guide Agency staff
performing site-specific assessments of human and environmental risk to determine: )
the need for remedial action. At the request of OSWER, the Science Advisory Beard's™
'Envirenmental Heaith Committee (EHC) met on April 7-8, 1992 to review four broad
issue areas relating to Superfund human health risk assessment: a) Defining and
caleulating the Reasonable Maximum Exposure (RME); b) Assessing and dealing with
exposures to multiple chemicals and using the Hazard index'(Hl)/Hazard Quotient
(MQ) to assess rigk; ¢) reference doses in remediation goal-setting; and d) Use of
appropriate defaults for characterizing less-than-lifetime exposure {0 toxicants. The
Committee found OSWER's attempts ta improve the consistency of its risk assess- . -
ment methodoiogy to be praiseworthy and a good start, but noted areas where a2
revised approach is recommended. '

The Cemmittee is of the opinion that there are some serious conceptual and
practical problems with tha propesal to calculate an RME based on an upper confi-
dence {imit (UCL) on the average concentration at a site. The EHC recommends that
the EPA move to a distributional approach to calculating the RME, i.e., developing
distributions for each of the terms or variables needed to calculate individual expo-
syres and their distributions. Given the difficulty in interpreting the RME as presently
caleulated, the Committee recommends that some type of ‘most reasonable' estimate
of exposure also be calculated and made available to risk managers along with the
RME. The Committee agrees with QSWER that, as long as some type of mean -
concentration is to be employed to estimate human exposure, an arithmetic meanis = .
more appropriate than a geometric mean. :

The Committee is concerned about the approach of using RiU-dadved nazarg
Quotients/Hazard Indices as a basis for adding "risks™ from exposure to compiex
mixtures, Quantitative applications using dose.response data:(not tha "point” data
represented by LOAEL/NOAEL-derived RfDs) would be preferable, as would the use
of aiternatives to the current default approaches that agsume risk additivity. The use
of the HiI itself ¢an be misleading, and it should be used as a "faliback,” with full
racognition of its possible inapplicability, only when more refined toxicological data are
not available. Interpretation of an Hi greater than 1 ean vary depending on saveral
toxicological factors, Although it is fikely that sk increases as the Hl exceeds 1, we
can not state (without a more complete understanding of interaction mechanisms) how
rapidly this increase oceurs, nor can we rely on Hl-based comparisons of risks when
the Hls are greater than 1. - : L



N Thraa approaches fsr usmg 'RfD,,ta-davslop nsk based ramednatrdn goals for
'cdntammated 50il were’ presented The: most suppartabls of these uses a 30-year

o tima-wsightsd average with a chronic RID; ‘differénces between the three approaches

e .ultrmata chazca (sr ranga of chsrsss)

- are-not dramatic’ however, and OSWER shuuld study all threa approaches to verify its

Tha Committaa sees: no parﬂcular problsms m tha ax!stlng approach for daalmg

with short-tarm toxicity sstirates, - OSWER should take cognizance of the EPA.spon- -
- - gorad work at the Natignal Academy- of Science on Commdnity Emergency Exposure

~ Levels, and of the work on Emergency” Raspdnsa Planning Gurdelmes by the Arnari-
can Confsrsnsa of Gsvammantal lndustnai Hygranists - .

| ‘.'KEYWORDS samplsx mrxtures axpdsure Hazard index (HI} Hazard Quotiant (HQ)
. reasonabie’ maxrmum axpssurs rlsk assassrnant Rafarsnca Ddsa (RfD) Suparfund
' site assessment ST e e e




NOTICE

This report has been written as a part of the activitles of the Sciencae Advisory
Board, a public advisory group providing extramural scientific information and advice
to the Administrator and other officials of the Environmental Protection Agency. The
Board is structured to provide balanced, expert assessment of scientific matters
related {o problems facing the Agency. This report has not been reviewed for
approval by the Agency and, hence, the contents of this report de not necessarily
represent the views and policies of the Environmental Protection Agency, nor of other
agencies in the Executive Branch of the Federal government, nor dees mention of
trade names or commercial products constitute a recommendation for use,
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1. EXECUTIVE SUMMARY

Early in the implementation of the Comprehensive Emergency Response
Compensation-and Liability Act (CERCLA), the EPA's Office of Solid Waste and
Emergency Response (OSWER) decided to rely heavily on site-specific assessments
of human and environmental risk to determing the need for remedial action,. OSWER
developed the Risk Assessment Guidance for Superfund (RAGS) Human Health
Evaluation Manual (HHEM), Part A~Baseline Risk Assessment (December 1989),
supplemented in March 1991 with Standard Default Exposure Factors guidance, and
Part B--Development of Risk-based Preliminary Remediation Goals, and Part C--Risk
. Evaluation of Remedial Alternatives in December 1991 (as mterim documents),

At the request of OSWER program officials, the Science Advisory Board's
Environmental Health Committee met on April 7-8, 1992 to review four bread issue
areas relating to Superfund human health risk assessment; ' - .

a. Defining and calculating the Reasonable Maximum Exposure (RME) --
The goal of the RME is to estimate a conservative exposure case (i.e.,
well above the average case) that is still within the range of possible
exposures. -

b. Assessing and deeling with exposures to multiple chemicals - Using the
Hazard Index (Hl)/Mazard Quotient (HQ) to assess risk,

c. Reference doses in goal-setting — use of chronic/sub-chronic Reference
Doses (RfDs) and specific populations to set rigk-driven remediation
Gudis. ‘ '

d. Short-term toxicity values -- use of appropriate defaults for characterizing

less-than-lifetime exposure to toxicants.

The Committee found OSWER's attempts to improve the consistency of ifs risk
assessment methodology praiseworthy. The CSWER has (understandably, given the
range and complexity of the issues addressed) not succeeded fully in meeting their
goals, but has made a good start. The Committee’s major findings follow, specificaily
noting where a redirection in 'appreaeh Is called for, and providing advice where
possible. : :



o

The Ccmmltt’ee ie cf the cprmcn thet H'iere are scme eencus cnnceptual and

. 'practical problerns with the. prcpcsal to‘calculate an RME beeed on an upper confi-
o ,l'”‘.-.‘denm ;,m,t (UCL) on the average concentration ata site. The current- approach
- .. assumes that the samples taken are representative of those areas where eXPOSUres

. are most likely 1o occur, The RME Is also a furiction of the number of samples:

B . 'available a lerger number cf sarnplce will reeu!t ina smaller RME gven if the samples
o .are not repreeentetlvc cf expceure cppcrtuntties. This approach does not deal with
7 "hot spots® at’ a’site which: could cause v:s:tcrslresrdente to:be exposed to levels

. -':'signuﬁcantly higher than the UCL. Given the prcpcsed ‘methods for ccmpuhng the

R UCL, its underlying statuencel assumpticne. and prcblernc In dealing with the spatial _

dustributucn of ccnteminatncn via-a-vis the telative frequeney with which people are -
s ..;.lukely to visit varicue parts of the snte. the resu!ting UCL may have little, if any, relation
1o ectuel ccncentratione to wh:ch pecple may be exposed at a site. The Committee

. recommends that the EPA move to'd dtstnbuhcnel approach to calculating the RME,

Le., develop:ng dnstnbutlcns fcr each cf the terms or variables needed to calculate
tndivadual éxposures and theu' distﬂbutlcns These dletnbutlcne determ:ne a dretnbu-

. tion for expceure whrch can be calcu!ated uemg Mcnte Carlo methods. A pamr:uiar
o percenti!e of this- exposure dlstnbutacn 'suchi as the Qoth percentrle could be used as
the definition of the RME.. Kngmg and triangu!ahcn are two statistical methods for

quantufymg epatlal distnbutnens of contaminant cpncentratrcns which ceuld be used as
- "part of this approach tc eddress the issue cf hot epcts | ‘

Tc implement a dictributucnal apprcach EPA ehou!d develcp default dlstr;bu-

: - tions for expesure paremetere unhkely te vary eigmﬂcantly from site to site. ‘The
cc!lectlcn of elte~spec|f‘c data is: enccuraged in :nstancee where ente-epec:fc conditions

- may ':e unigue, hnwever L"-*i this. M;:rr-w% s30 ha nut inin Usa s modiSeation of

{2 et L e

. the current approach may have o be Used, Given the difficulty in interpreting the

- RME as presently calculated, ‘the' Ccmmnttee reccmmends that some type of ‘most

':' : reasonable’ esttmete of exposure eiec be catculeted and made avenlable o risk
" j,-menagere elcng wnth the RME, | The Ccmmntee agrees with' OSWER that, as tcng as.

.some.type. of mean: concentratmn is tc be empioyed 1o estimate human expceure an
. “anthrnetic mean is mcre appmpnate then a gecmetnc mean. \

o The Ccmmattee :s concerned abcut the epprcach of usung RfD-denved Hezerd
: Quct:ents!Hazard lndrcee asa besis for addnng "risks" from ‘exposure to complex -

* mixtures: it is not. truly risks whrch are berng added when the proposed approach is
‘used, Quent;tatwe eppucahens usmg dcse-reepenee deta (nct the pmnt" data

LY



represented by LOAEL/NOAEL-derived RfDs) would be preferable, as wouid the use
of alternatives to the current default approaches that assume risk additivity,

-The use of the Hl itself can be misleading, and it should be used as a
"fallback,” with full recognition of its possible inapplicability, only when more refined
toxicological data are not available. The condition "HI = 1* defines a “threshold of
concern” that is not shared by any other value for HI, and for which, under specified
conditions, the uncertainty in the M! approach is rio greater than that of the component
RiDs. The Hli'approach is invalid, howaver, if the chemicals in the mixiure cannot be
fully characterized by a combination of dilution-type interactions and indepéndent.-
mechanisms of action, “Interpretation of an HI greater than 1 can vary depending on

“several toxicological factors. Although it is likely that risk increases as the H! exceeds
1. we can not state (without a more complete-understanding of interaction mecha-
nisms) how rapidly this 'increase OCLUrs, nor can we rely on Hi-based comparisons of
risks when the His are greater than 1. C

The HHEM recommends using the RfD as the toxicity criterion for each of the
other effects believed to be caused by a given agent in a chemical mixture. This
proposal does not deal with effeet interactions, nor with the fact that many RfDs are
based on non-specific endpoints which can stem from many different cavses. It is not
néariy as seriously flawed as the alternatives presently in use, however, and despite
its flaws is an improvement, '

Three approaches for using RiDs to develop risk-based remediation*goals for
contaminated soil, involving differing exposure scenarios and target populations were
presented, The most supportable of these uses a 30-year time-weighted average with

a chronic B diffaremcag hahwean the thrap Annraachas are antd Araeatle Remacoas e

and QSWER snould study all three approaches to verify its ultimate choice (or range
of choices).

The Committee sees no particular problems in.the existing approach for dealing
with short-term toxicity estimates. OSWER should take cognizance of the EPA-spon-
sored work at the National Academy of Science on Community Emergency Exposure
Levels, and of the work on Emergency Response Planning Guidelines by the Ameri-
can Conference of Governmental Industrial Hygienists. The method proposed by
Region 6 for setting shart-term air action levels calls for the possible use of OSHA
standards, such as Permissible Exposure Limits (PELs) and Short-Term Exposure



: .:Levols (STELs) 'l'ho data used to doriyo any OSHA standard so used shoulo be

i _examined to see if the. same data can be used to derive an aopropﬂato RMD. The use’
. of EPA derivation methods would holp promoto consistency across vanous hazardouo

B substanoao hence the uso of EPA mothods should be onoouragod Whom th:s is not
~ possible or practical, the use of health data on which OSHA standards have been .
 based could be oonoloored taking info oooount difforonooo botween tho workor
o populaﬂon and the genoral population | o \ :
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o 2. INTRODUCTION
2.1 Background | '

Risk assessment is an essential component of the Superfund site remediation
process, Early In the implementation ¢f the Comprehensive Emergency Response
Compensation and Liability Act (CERCLA), the EPA's Office of Solid- Vvaste and
Emergency Response (OSWER) decided to rely heavily on site-specific assessments
of human and environmental risk to determine the need for remedial action, to identify
contaminants of concern and critical exposure pathways, and to determine protective
cleanup lavels. This approach was utilized because of the substantial differences in
Jand use activities, terrain, hydrogeclogy, and nature and extent of contamination from
site to site. OSWER believed that decisions regarding the protectiveness of contami-
nant concentrations in the envlronment were best made on the basis of specific sne
circumstances. ‘ ‘ "

OSWER developed risk assessment guidance for Superfund to reflect extensive
experience oblained from conducting health and environmental risk assessments at
Superfund sites, utilizing existing Agency risk assessmeant methods and data bases.
The gridance is designed to increase consistency in the way risk assessments are
conducted within and across EPA Regional offices. The health risk assessment
guidance for the Superfund program is presented in several documents, Risk
Assessment Guidance for Superfund (RAGS), Human Health Evaluation Manual
(HHEM), Part A—-Baseline Risk Assessment, was published as interim final in Decem-
ber 1989. This Part was supplemented in March 1991 with Standard Default Expo-
sure Facltors guidance (OSWER Directive 9285.6-03), Two additional Parts of the

'Hqiﬂ —-h.h " -"_:“__,}q!:‘..., "\:". “J "".""‘ i omi :,f\,-.. 5.\-._-, ...._,1 "l.""‘"* -.-\.-.l-fm_ :-\‘!l-"\ﬂ ey .-t-uf.-..m‘ - e ‘3,
.,.‘ ,...ﬂ...-..\.-.. : M FEIRETI R - I

evaluatlon cleanup goals, and remedy selection. Part B-—Deve!cpment of Risk-based
Preliminary Remediation Goals, and Part C--Risk Evaluation of Remedial Alternatives
were published as interim documents in December 1991, In the near fulure, all three
Parts of HHEM will be integrated into a single final HHEM document that will incorpo-
rate new policy information and other technical guidance that has been issued by the
Agency since 1989, as well as comments received from field users,

Unlike risk assessments conducted by other EPA Program Offices that often
focus on single contaminants of single exposure pathways, Superfund assessments
must address multiple contaminants and multiple pathways fer each site on the
National Priorities List (currently more than 1200 sites). The Superfund program deals



] with diverse preblems induding wsste from spx!ls illegal dumpmg, Isndﬁlls surface
C \,faimpoundmsrits drumlsentezner starage ‘gs well ss ether contariinant seumes The |
' Superfund program typically conducts risk assessments at well over 100 sites per
o year, in all regions of the ssuntry. under varied snvironmental conditions, and for
~multiple land uses. There is. strong public and political pressure on this program o
. address these sutes as qulckly as posslble Efforts to marssterize baseline heatth
- risks at a site typically take two to three- ‘months once data are In hand, but are
.'; somet:mes delsyed beesuse ef the need o' sellest better ssmp!ing data, of negotia-
: tscms with ' pstentislly respmslble perties evsr !snd use. expesurs assumphsns end
N shemlsal toxlcrty T | ‘

Te eddress the needs sf $upsrh.md nsk assessors Supeﬁund‘s risk assess-

msnt gmdsnee must be flexible enough to eneomPass the wide vsnety of conditions
' present at sites in all Regzens yet specific enough’ to assure a reasonable degree of
” censistsncy ‘Assessors must balance the pressures io gather additional data {usually
- *resouree intenswe) w:th the need to tnove quickly tswsrd site cleanup, Risk asses- '
" sors and site mensgsrs are sﬂen reQuired to msks real—tlme cleanup decxsuons st
‘j'\Superfund sntes wuth imperfect date o ‘

In the mterest of sontlnmus improvement. to ensure that the f' na! RAGs-HHEM

| o doeument reﬂects stste-sfaths-srt teehnissl gundsnce end to comply with the resOm- |
- “mendations of the Superfund 30 Day Study Task Force that OSWER should seek
 internal and external review sf the Superfund nsk assessment guidance, program, offi-
- cials requested that the Science Advisory Bssrd review selested issues addrsssed by
© the Risk Assessment Gusasnse dseuments noted abovs. o

A e el e
T2 Therge TR :-}":s Cammitiay

Feur brsed nssue srsss retatmg to Superfund humsn health nsk assessments

‘were udentnfed fer rswew wnthin each ussus spesuﬁs questisns were possd tu the
Comm;ttee LR ST |

‘\”

. a) :‘, ” Ressensb!e Memmum Exgosur Superfund's eppresch for calculating
EEETN -the Reesoneble Msxumum Expesure (RME) is presented in HHEM Part A
- (Chaplers 8 end 8) and m its supp!emsnt *Standard Default Exposure

- “‘Fsctors“ (OSWER Dzrectwe 9285 6~03) The gsai of the RME is to



2

3)

5)

1)

estimate a conservatxve exposure case (i.e., well abuve the average
. case) that is still within the range of posslble exposuras

The HHEM Part A ideniifies the arithmetic mean cancentration,
within an appropriate averaging zone, as the measure of concen-
tration that generally represents the integrated fong-term exposure
that will be received by an individual thhm that zone. Is this
approach reasonable? |

Part A alsc indicates that given the typical distribution and spa-
tialtemporal variability of contaminant concentration and the often.
limited number of samples collected at Superfund sites, it is
important that the heaith risk assessments explicitly address
uncertainty in the mean ¢oncentration. Do 95% confidence limits
on the mean concentration provide an appropriate tool for ad-
dressing uncertainty in concentration?

Superfund is currently investigating alternate approaches for
characterizing contaminant concentrations, such as kriging and
trianguiation methods. Are these alternative approaches for esti-
mating average concentrations (or others) appropriate to consider
for future guidance?

Superfund guidance indicates that valid site-specific information on
exposure factors -- particularly human behavior pattems -- be
used in exposure assessments, In the absence of site-specific
survey data, or in cases where the assessment must determine
RICIECIBC ChENGES W1 ENT Lag, gWianica NaEs sslad UN BUivEY weid
for other populations, commenly at the national level. 1s this
approach reasonable?” e .

The Agency's new "Guidelines for Expusure Assessment” (Section
5.3.5.1) discuss three approaches towards making estimates of
exposure for highly exposed individuals. First, upper percentiies’
of population exposure may be directly determined from surveys
where direct measurement data on exposure were obfained.
Second, mathematical simulation techniques can be used to



cembme adequate dustnbut:enel data of ind;vldual expesure factors
*.'.le estnmete the everell dzstnbuhen of exposure. . Third, an estimate =~

" may be constricted. using & combination of upper-bound and mid-
- range values for exposure factors. I this case, the few most '
o ],vensble facters would generaﬂy be set to upper-range values and -
' the remaining factors set to mid-range values; Experience indi-
. cates that under appropriate circumstances each of the appro-

B . o ‘aches can previr:.e usefal infennahnn on. Superfund site risk. How--

'erer sinca data-on exposed pepulabens are limited, HHEM Part A

: "Provndes addrtional details for the third tier situation. Is the Syper-- e

' fund appreach of combining high-end and mid-range values pre-

- sénted in HHEM Pert A (Chapter 6, Sectiens 6.1.2 and 6.4) con-~
. sistent. with.the third. sppresch for estimating high-end exposures
" mentioned above and descn‘bed in the- "Gu:delines fer Expesure |
f Assessment" (Sechen 5. 3. 5. 1)? | o

o xgoeuree to. Multugle Chemical The current appreech to assessment of

: lhazerd or risk-of concurrent exposure te rnultiple chemicals (HHEM Part
A, Chepter B), Is besed on the. essumptlen of dose addltnnty, as recom-

L mended in EPA' “Gundehnes fer Meaith Rnsk Assessrnent of Chemical

o Mnxtures Fer ceremegene slmple addrtw:ty of fisk is used, ‘For non-

| | carelnogens a Hazerd Index {{z1) appreech has. been develeped
C applylng the M appreech the petenhel fer nen-esrcmogeme effeets is

evelueted by eempanng estzmeted expesure to a referenee dese (Rﬂ))

o The resulting ratio for each chemical is-called a hezard quotient. If the

- -«‘ sum of these hazerd quohents (r:.slled a hazard index or Hi).for several

f-\l-\n-r\

Ly l..,.l“um..l.} J’\iuu ..“e foray {JG :.DX;U i gk i'T L‘-Jﬁ.vv--—lﬂ in h hu- 3 E} & LOSETN
el ol J't

for petentiel edverse effects

%6) f;Gwen whet is. eurrently understood about the petenuel mtereeiwe |
. effects of chemrcals is it apprepnate to-add risk estimates for .
~‘multiple. contaminant. exposures (i.e., calculation of Hazard Indices

| “"‘,for chemlcals W|th s:mu!sr toxic endpomts and stmple addltivity of -
e cancer nsks)? o



<)

7) Given the uncartainties: in datermining Hls; is it appropriate
to use HI values greater than a specific and constant num-
ber (i.e., "17) as a threshold of concemn?

8)  What does an HI greater than 1 represent when the hazard quo-
tients used to calculate the Hi are individually less than 1 (i.e.,
when the estimated "dose" from an individual chemical dees riot

- axceed the RMD)? - -

9)  Existing guidance specifies that chemicais should be grouped
according to their major toxic effects, including those seen at
doses or exposures higher than those associated with the critical
effect (upon which the RfD was based). As a consarvative and
simplifying step, the guidance recommends that the RID be used
as the toxicity criterion for each of the other effects belleved to be
caused by that chemical. Is this a reasonable approach? The
issue paper provided to the Committee (Derivation of Effect-Spe-
cific RfDs and Their Use in Risk Assessment for Chemical Mixt
ures) presents an alternative approach. Is this approach (or are
others) reasonable to consider for future guidance?

Reference Doses in Goal-setting: During the development of the HHEM
Part B, two approaches were considared for using RDs in setting risk-
based remediation goals in soll: 1) comparison. of a 6-year, childhood
exposure to contaminants in soil with 2 sub-chronic RfD; and, 2) compar-
ison of a 30-year, time-wejghted average exposure to contaminants in
a0i Uricmamg BAROIUIES (O LUln CRIGTEn and alulis) Wiin & crrciic miL.
At the time, the second approach was chosen, as it provided a more
conservative cleanup goal. Since that time, a third approach has been
proposed: comparison of a 6-year, childhood exposure with 4 chronic

- RD.

10)  Given EPA's definition of an RfD [i.e., “an estimate (with uncer-
tainty spanning perhaps an arder of magnitude) of a daily expo-

sure to the human population (including sansitive subgroups) that |

~ i5 likely to be without an appreciable risk of deleterious effects
during a lifetime"}, what is the panel's opinion regarding the -

. ‘



\ - appre_pl:letenees of the eeeend appreech? Under whet eendltiene shnuld |
e nther eppreaehee be eenendered? o

4 ity Value .,,'Current guldenee in HHEM Pert c (Appendrx
. C/p.49) refers risk assessors o the Superfund Technical Suppert '
o Center at ECAO-Cincnnneti ) ebtain any tox:caty criteria needed for risk

- -assessment of less-than-lifetime exposures. Since data on assessing
- - short-term. expesure neks are extremely llmited and no Ageney-wide
' guiddnceis available, ECAO often must derive interim toxicity criteria
"~ based on the methods outliried in the Intarim Metheds for bevebpment;
h of lnheietien Reference Conc:entratione {p. 4»37) | -

o 11) In the ebeence ef ehemneel- and. duratmn—epeciﬁe deta ie thie
PRI method reasonable? Are alternate precedures eva:!eble‘> -,

. There is cun'ently ne netienel guzdenee fer sett:ng ehurt term air ec:twn
levele that would gunde ecﬂvity (end emergency shutdown) during reme- .
. dnal action at Superfund sites; EPA Regiene are curréntly using various
o epproechee for deriving such levele. For example, Region 6 has issued
_ @ policy statement that-discusses the derivation of air action levels frern
~ EPA's chronic health risk values; frorn OSHA Permrss‘ble Exposure -
~Limits, Short Terrn Expeeure Levele er Cemng Velues or frem RfDIRfC
‘velues. e | :

o ‘12-) ',ls the Reg:on 6 approach an appmpnate methed for deriving
L '\,eber’ term air a:t*en levels? 1§ there 3 mors aparsorizte mathed
C o dor devempxng ‘short-térm ait action fevels that could be used to
SR tngger ehutdewn of cleenup eperetiene and/or the eveeuetlen of
the general pupuletlon neara Superfund site shuuld unent:mpated '

. releases eccur (e g texieity veluee relevent to 15-mrnu1e human.
e expoeuree)‘? | S -

In addltion to the epec:ﬁe queehnne neted above. the OSWER requeeted that
thae review take into’ eene:deretlen the: centext thhin which these issues will be deelt
. wuth operahonetly, | e the preeeures end reelvhme demerene thet muet be made at -

Superfund srtes ' : - - :



3. SPECIFIC FINDINGS

3.1 Reasonable Maximum Exposure—lssue One
3.1.1 Arithmetic Mean Concentration

it is difficult for the Committee to evaluate whether OSWER's use of the
arithmetic mean c3ncentration is appropriate, because OSWER has neither adequate-
1y explained the rationale for moving from an upper-bound estimate of concantration to
a mean estimate (and the ramifications thereof), nor sufficiently documented over what

measurements the mean is to be estimated. The foliowing brieﬂy discusses each of
thase two issues in tum.

a) The "appropriate" mean

OSWER is attempting to account for several fundamentally different

kinds of uncertainty or error with one rather vague policy. The combination of .
“reasonable high-end” values for those parameters that vary across individuals
(e.g., breathing rate, ingestion rates, body‘ weight, contact rate, exposure
frequency, exposure duration), with a mean concentration within an “appropriate
averaging zone" co-mingles different kinds of variability (inter-individual versus

-spalialftemporal) with various sources of uncertainty into a single measure that
is supposed {0 be “conservative” but not wildly so, This is a worthwhile end,
but the means to that end are arbitrary and unverified, and this measure has no
consistent interpretation. First, OSWER needs to show (preferably by Monte
Carlo simulations using both actual and stylized data sets) that the short-hand
eombination of "high-end" default values and mean concentration does in fact

| YIEKI & feasonabiy conseivauve oulput’. Moreg impenanily, however, QSWER
must demonstrate that the current spatial average (which needs to be defined)
is in fact the long-term average for the "average individual" (or whatever
individual it intends to model).?

'Such ¥ dermonstration should at least attempt 1o model the Bkely correlations amang the behavioral varabies (both pokiive
and nagative) and the poszible carrelations betwaen the behaviorsl and concantration inputs,

T The turden of proof or of validation is definiely on EPA i this inslance. Intultion tabi s that the curent spatial average

Haelf s likely 1o change over ime; to this, EPA adds the additional sssumption that spatial averages and interdndividual ifetime
averages arx related

11



o Cteerty, pert of thas demenstretien w:lt come ebout from a better deﬁnition
- of eppropriate everagmg zone* In ‘addition, DSWER must also investigate
- .whether even en epprepriate spetret average yields a representative long-term
- concentration estimate for the relevant person or group. In other words, in
o 'eddution to needmg to speclfy over whet area a person or’ greups rendern
e -welk" is eeeumng OSWER needs to: justify thet the "walk” is in fact random.
- This might be more or less. tn.le if the issue was sporadic contact with an
- industrial site, but it may . be inapprephete fo average over a broad evereging
| -zene in the | esse ef wrdespreed eentemmetlen in a‘residential area. ‘Here the
- only "random welk" weuld be over: sma!l peruens ef each hemeowner's preper-
- ‘ty, net ever an enttre neighborheed - |

CensequenUy, we de not believe thet the preppsed metheds are eensxs—
tent wsth the Gmde!ines fer Expesure Assessment particularly the prepesed |
..;eppreech for estnmeﬂng the appropriate ceneentretien term.in the RME Using
the mean, even allowing for its upper 95% confidence interval, does net o
' }estamete the reasonable. mexrmum eencentretren to- whieh an individual :s ‘

. exposed, but merety gives a eenf denee fimit on the “average® site-wide _concen-
. tration over the time penod during whsch meesurements were taken—if ene L
) ,'essumes that the sltes sempled were represehtetive of the site of concern. If
~ the sites sampled ere not random, o aré not part of a systematxe design to

cheracterlze the snte as a whole we do not know how to nnterpret either the -
resu!tung averege eencentretien er its upper 5% eonrdence interval, and we
-heve no idee ‘how: at re!etes te the epprepnete RME eeneentretlen

_ One ether techmeet questten etse needs to be eddressed lt relates to .
- ,the Iirn!tetsens of Habers Rule‘ which forms the. eeneeetuet basis for- t,rnew
weigh iz, cwEanH'ig AT i'mpiieeuon O EDers Ruie 18 tnet the wotal amount of
- 8 dose governs the effeet and that' the tnrne-eeuree of: admnmstretten isirrele-
. vant,  Haber's Rute tends te werk over re!etwely nerrew renges of expesures
~and duretlen. but; as the renges increase, it begins to feit more and more.
- ;;'Beceuse it does not take into account pharmacokinetics and biotransformations,
. its epplreetlens ere Iimited and the Agency should conhsider these limitations
- carefully whenever it propeses the use ef tnme~welghted evereges in |ts risk i
R essessment preeedures ' :

4

‘ 3 Habert Ftule W: Kx e X T where w- Wukmg (e eenehnt etfect) K= a pteportlen:lity :unstant, t:- eeneenvetnen or
. deunm time: and T= dmﬂon of exposure. - ‘ L

-
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To summarize, OSWER m may have modaled the randomness of exposure

16 hazardous waste sites incorrectly, and could probably do a much better job
by at least explaining whose behavior and exposures are being modeled, and
why. The above [ssues notwit,hstandmg, if EPA decides to use some type of
mean concentration.to estimate human exposure, the Committee agrees with
OSWER that an arithmetic mean is more appropriate than other types of
means, such as a geometric mean. The reasons for this are two-fold. First,
an arithmetic mean may be more likely to corralate with health effects than a
geometric mean. -For example, if a person is exposed to 100 ppm of a chemi-
cal for 12 hours of the day and to 0.001 ppm for the other 12 hours per day,
the arithmetic mean exposure is 50 ppm and the geometric mean exposure. is
0.316 ppm. The arithmetic mean clearly reflects higher exposure levels that
most likely have a greater influence on any health response. The second
reason is that the geometric mean of a group of samples is highly sensifive to
values assigned 1o analytical results below the detectable level of the assay, -
Theoretically, if a single value is truly zero, then the geometric mean is likewise
zero, regardless of the remaining values.

b) Implications of using the mean estimate

Under certain conditions, involving both statistical factors and scienca-
policy judgments, the mean is the preferred estimator of an uncertain and/or
variable quantity. Within the context of hazardous waste-site risk assessment |
the mean would be appropriate if: (1) the judgment were made that population
risk, rather than individual risk, were the relevant metric with which to measure
hazard; or (2) the assessor had reason to believe that the (spatia} and tempo-
ral) vanabnhty of the concentration term were sufficiently small so that upper-
SOl ndivicaal rieks wowg not Tevialz signficanly frem the mean. o 300
tion, the assessor would have to believe (3) that the uncertainty of the concen-
tration term (due to measurement or medeling errors) was sufficlently well
understeod so that the mean was neither-an overly conservative estimate of the
representative concentration (i.e., not unduly affected by a few outliers) nor
biased low due to small sample sizes, incorrect model form, ete. OSWER has
attempted 10 address this third condition by using the upper confidence limit
(UCL) of the mean, but the Committee does not regard this as an adequate
solution (see discussion following concerning the use of a designated percentile
on the distribution in place of a confidence limit of the mean).

-
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ln additisn";”--‘iOSWER needs ts snmmunicste bettsr to ssnior managsrs
and the publ:s»thst adppting sny type of msan conssntrhﬁon rcprasents a
g fundsmsntal ‘shiftin the SUperfund program,. ‘making It more like the pesscldes |
: pmgram for axsmple and Isss like the air tsxnss prsgram (whxdw sonsrders the
risk to the " maxirna!ly sxpossd individual” to be of equal or greater import than
. the populstmn avsrage risk or ths total number nf "ﬁvss savad") i} OSWER
" believes that by appropnats" dsfinltlon of the: “averaging zone" (soe below), it
- is mrsumssnbmg the risk: analysus to addrsss a rslst:vsly "tight" mnssntrahon
. distribution that scsounts for ressanabls high-end exposures "#t needs to make |
o that sssumphon exphmt snd prowde some empmsai support for it. M_Q

- 3. 1 z Use of the 95% Conﬂdence I.JmnlEshmaﬂng Exposure—lssues Two and ‘
Flve ' . o

Ths HHEM sddrssses ths sstsmatlsn nf ths Reasonabls Max:mum Exposure

| ﬂ ‘(RME) as an altemative to uss of: the Maximally Expnsed lndwtdual {MEI) Wa

~ applaud the sonsndsrat;on of this concept snd be!usve ut snuld be of mnsiderame valus :
in evalustmg hEaIth nsks at Superfund sxtes - o :

. The prcposed estlmate of the RME in the HHEM IS a product of ssve:al texms
induding the upper 95% conﬂdsnce mtervsl on the anthmetuc mean of the contaminant

o concentration at the site of concem. Ths mean is averaged over tempnra! and spatiat
o \scales and c.an be applled tn concentrahons inall medis Questuon two of the Charge

TR H ol LA ..ap,..-‘:-i \.-mniuﬁﬂ\-h imat !a EFPSVFJ .aué quﬁ-‘."}uﬂoﬂ HVE Wﬂi@ﬂ iS cicsaiy

B - related, asks about the cons;stency of. th:s estimate, and the approaches to csmbinmg

- hlgh- and mid rangs sxposure values Both |ssues are d:scusssd below.

- - L
e R

| a) Use of the UCL nn the mean concentratmn Lo

1§ ths samphng deslgn allows an estlmate of the average mnoentrat:nn
we do not believe that the upper 95% confi dence mterval of this average is
| \appropriats. unlsss there is ewdence thst mdmdual exposures are equal!y fikely
 across all parts of the site over fime psnods similar to that over which the
| samples were obtamed Ano!her prc:blem with the. current approach is that the

o ‘-1‘4“,' .



number of samples taken will have undue influence on the upper confidence
limit even if a large number of samples will not lead to goed estimates of actuat ,
exposure. For example, consider a site where contaminant concentrations are
highly non-uniform: there may be a hatspot where concentrations are high, and
‘the remainder of the site is not highly contaminated Assume that the hotspot

is highly attractive to visitors (e. g a waterhole or pond). If there are many
samples taken across other areas of the site, as well as the hotspot (n is large)
then the mean is not a good estimate of exsosure, and the upper confidence
limit on the mean is a poor estimate of the RME despite the fact that there are

many sampla observations. Estimation of the BME cannot |gnore the g_Ls;;nbu-

of contammant at tha site and the

lead to exposure.

The preceding discussion implies that the estimate of an overall mear;
concentration at the site, or an upper confidence limit thareon as proposed in
the RAGs draft document, can be inadequate for calculation of an RME,
Rather, the spatial distribution of the concentration over the site must be
considered along with a distribution reflecting the relative frequency with which
peaple are likely to visit different parts of the site. For this reason, any summa-
ry measure of concentration (such as the average propesed in the RAGs
" document) that does not take into account the spatia! distribution of the undériy-
ing samples is likely to be inadequate. Therefore, the Committee believes that
the Agency should give strong consideration to incorporating methods, such as
kriging or triangulation (procedures. that are discussed in more detaij in Section
3.1.3) that take into account the spatial dzstnbutaon of can!ammatson to charac-
terize exposure.

A-relaled proviem with calculating an upper confidence iimit for a mean,
and one that can have very severe practical consequences, is the fact that the
statistical assumptions required to calculate an UCL for 2 mean exposure are
typically not met by sampling plans at a Superfund site. First, the statistical
pfocedures generally require that sample locations be selected randomly.
Howaever, in typical cases, sampling is done in several stages and is generally
non-random. An initial screening may be performed to identify areas of particu-
lar concern, and follow-up sampling may be performed to characterize more
completely the extent of contamination, Random sampling may not be used (or
even be appropriate) at any stage of sampling,

15



“Second, i’"fordar to-calcuiate a statistical eonfidence frit for.the mean, a

g ." partleutar dtstnbutlenel form must be assumed for the data (e.g., normal, log-

~ nofmal, or We"ibﬁtl) There is e priori 0o teason that earhpltng data should have
S} particular. dietrlbuttonel form. Different distributienel asaumpttone ean some-
];ttrnee preduee quite dteperate resulte | o |

In seme eeees reuttne eppﬂeat:on ef a standard procedure for ealeutae

ing an UCL on the mean concentration can produce an anomalous resutt in
" which the UCL ie ltterelly thdueands of. timee larger than, the maximum observed

value (MOV) n fact, such extreme behavior can even-occur when obtaining a -

- point estimate of the mean, “When this anomaly occurs, It is likely t6 be due to

the fact than ene or mere ef the undeﬂytng statistical eeeumpttene are violated, -
; in whtch eaee the re!etuenehnp between the eemputed UCL and the aclual
'cnneentratlene at the eute are llkely te be purely eemcidental

, The RAGS manual euggeete thet the upper Hmit be replaced by the MDV '
| -in aueh eaeee. Hewever this default cauld resultin @ nen-eenaervatwe esti-
“mate of the averege eeneentratnen ‘Whenever the estimated mean, or UCL on

- *the mean, exceeds the: MOV, EPA. should have. concern as to whether or not

the eencentratiens et the mte heve been adequately eharaetenzed

A related preblem that may be entseat when eelcutatmg the mean ‘
.- ,eancentretmn or, a ucL. fer the mean is the etatietieat treatment of "non—

- --'detecte"t (samplee in whim no t:ontemtnatton is detected) These cases are

. oftent treated in'an ‘ad hoc: faehten by assigning either the smallest eoncantra— |
- tion thet could heve been detected (the "deteetien ttmat“) or some fixed fraction
- of the deteetien Ilmtt td,theee samplee However, the velue assumed for

"'"! M r-H- -
AT "" -.:aa.--,....qx.-u

:5 n’!‘r ar\ ﬂrqrmn-ﬁe-a (“:‘_u.--\ hpuu . “h \..i\..". H.-‘r in..-

| mean ceneentratton HoWever Izkel:heed methede are avatlable for aueh data
- that do not require ESSIQI"IIHQ a particular value to non-defects (see, for exam-

. ple, Crump 1978}, The Cemrmttee recommends that such methods be consid- -

ered: hy EPA whén caleulatmg UCLe fer mean eencentrattene from data con-

tasntng nan~detects L ;“

Ceneidering the estxmet:an taeue de novo by medua of petential expn-

. . sure, the prepeeed methedetegy :e prebably most re!event fer soil contamina- -

- .tten and dermat expesure The ea!eu!atien of the RME muet eenetder the likely -



exposure patterns of individuals visiting a site, ‘and all parts of the site may not -

be equally likely of receiving a visit. An average concentration weighted by the
likelihood of that sampling site being visited is a much better estimate of the
concentration to be used for calculating the RME. This can be improved even
further by looking at a distribution of average concentrations to which visitors at.
a site are expased and taking a given percentile, such as the 90th percentile, of

that distribution. ould advocate an approach in pla the a
proach proposed in the HHEM. In addition, we believe that the alternative
appreach proposed above is more consistent with the exposure assessment
guidelines, and is in the spirit of the Exposure Facfors Guidelines.

b) Approaches to combining various exposure inputs

EPA is treating different factors in the exposure calculation in_different ]
manners (upper 95th confidence limit for one factor, best estimates for others,
and some not clearly defined type of conservative limit for others), so that the
result is very difficult to interpret. The Committee. recommends that EPA move
towards a full distributional approach in which distributions are developed for
each of the terms in the exposure equation and a Monte Carlo analysis be
applied to obtain the resulting distribution for exposure (and thus any desired
percentile of this distribution, such as the $0th percentile). In this manner, EPA
can consciously choose the desired degree of "conservatism.® An EPA-spon-
- sored effort in which such distributions are developed and applied to a few sites
would illustrate the methods, expose the strengths and weaknesses &7 the
methods in more detail, and provide guidance on the appropriate data needs to
facilitate the calculation of the RME. To facilitate this, EPA should devalop
Selawt Sisvizuions fon eims that are not uKEly {0 vary grealy roin sie 1o sita
(amount of water consumed, body weight, etc.). it has been argued that the
data are not always available to derive the estimates of the type we suggest.
We believe that the costs of generating these data are not very great, and the
burden of providing these data couid be placed upon the Potentially Respon-
sible Parties (PRPs). It would generally be in their interest to facilitate the
estimation of the RME in place of the more conservative MEL.

For other media of exposure (air and water), the proposed methods need
to be adapted because the RMEs may be associated less with exposures on

-
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: .' Site: than with oxposures in arons adjsosnt to tho sits. Ths spproaoh pmpom o
'. in the ﬂHEﬁ ignoros this possfb"iiiiy e , |

. .*

Gwon the drffoultros in :ntorpretmg any slnglo nombor asa rnossure of
. exposure, and: in pamoular the RME 2. prssently caiculated, the Committee
. baelieves. that some’ typo of 'bost’ or 'most; rossonablo osﬂmato of exposure
" would provide useful additional mformoﬁon toa nsk manager, and should bo
" presentad along with the oonservstrve" ostimato we advocate above. ¥ a -
Morte Carlo. snalysis is svaﬂablo. s..roh an ost.mato could be obtzingd fron the
“median of the uncertainty distribution, If a Monte erlo approach has not basn o
'rmplomontsd a ‘best or most reasonab!e ostrmsto could be devolopad by
. assigning 'bost' or 'ressonab!o vsluos to esoh oomponent of the osﬁmaﬂng
o sxprossron L S -

3.1.3 Characterlzlng Contaminant Conoentrahons-lssuo Throo o

o it is worth mvest:gsting altomats spprosd'aes for oharsotenzing underground
. cancantrstions for. possrblo use in future guidonoo. Of ths two mentioned in the-

o HHEM “kriging and tnangulatron the forrner has been: in use for many years first § in

the extractive industries to map ore or.coal doposrts for example and more recently
Cin characterlzmg undsrground oontamrnatron. -The oaloulstronsl method is well
' dsve!oped and. the intsrprstahon of the results is wstl understood Typroally. kriging
yields not only oonosntranon contours, but also standard error oontours which facilitate
- developing ssrnpling desrgns frorn a few initial ssmples if these are available, as well

‘as'the deterrmnstlon of where sdditronal samplss may: bs nosded to moresso the |

o nf cendaminants, Tru f‘:orﬂrﬁ

} oonfdsnos of uef‘mtron of *hot, spots or other featurss of underground ooncentrstrons |

n‘ v;sﬂnr-«rﬁm-r‘ﬂ u-...-.s “'\ ] H:ar-bmtus:. .H.n mﬁln.wfm-i i

| .‘Mro guidance g_s_g useful alre 1y develo sed ool. .Tnan !
~ nique; different in its 3 to ‘dsts analysis from knqmg rt none the!ess grodug;
~ similar resulté and is ‘worth fuither exsmma_tgn as a possibie tool, Case studies, .
- which rl!ustrata tho difrerences in results and thsir rmplroations shouid bo doveloped

. before fnal Judgomonts are: rnado

| 3 1 4 Dotermlnmg Exposuro Factors--lssuo Four

. Although a well done survoy is ths bsst wsy to oharar:tenzs behavror paﬂsms _
- 'of mdividuais workmg, Iwing or DthEl‘WISE present rn the vrcrmty of Superfund srtss rt :
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may not be necessary, in many cases, o carry one out. National survey information,
suitably altered for known gross differences between the specific site and the nation
as a whole -- such as behavioral differences related to climate — will often give useful
guidance. Other local data may be readily obtained on population distribution,
economic level, types of industrial or other work activities in the area, geographic
details, possible future developments, and so forth from such sources as local
chambers of commerca, planning commissions, departments of motor vehicles, police |
dapartments, sherilfs offices or other local bodies, without the need for a physical visit
to the site area; such information would pravide further basis for the modification of
nationally observed. trends, Such information would also be helpful in deciding if a
local survey was needed. or not. Some regional and national survey data are under
development. These data could be used to derive default exposure values in the '
absence of site-specific datd, although the collection of site-specific data is encour-
aged in instances where site-specific conditions ‘are unique and there is reasonable
possibility that use of regional or nationat data could lead to large errors.

,

3.2 Chemical Mixtures
3.2.1 Additivity of Risk-Issue Six

An initial issue to address in considering additivity of risk Is the accuracy and
precision of the data on which the risk estimates are based. If the risk estimates are
based on outdated, imprecise, or inaccurate studies, then their reliability will be
constrained accordingly. Rigorous analysis of the existing scientific database requires
not only diligence and time, but alse adequate resources. The ultimate commitment
for a Superfund site warrants a system that reflects state-of-the-art science and risk
estimation. :

The EPA Hazard Index (Hi) depends upon Reference Doses (RfD) which, in
turn, depend upon effect fevels, such as the No Observed.Adverse Effects Level
(NQAEL), divided by an uncertainty factor. The ambiguities inherent in such a proc-
ess had earlier led the Environmental Health Committee to urge greater reliance on
the total dose-response function (when available) to calculate values such as Bench-
mark Doses (EPA, 1990; Crump, 1984) or effect level specifications that incorporate
dose-response information (Barmes and Doursan, 1988).
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A Hazard lndex is aftan praaumed ta ba a maaaure of tba toma potency of a

o mixmre But the R is only an indireé index of potency. Itis only indirect because
. ‘”}patancy ahauld ba daf’ ned by tha farm of tha dasa-raapanaa (effect) ra!ahanah;p, nat

o ‘anmply by a alngla aﬂan aquwacal po!nt on tha doaa-rasponaa functmn. _

. Givan the mtarprativa ﬂawa af tha RfD lt aa more appropriata ta apply the .
strategy. of the Benchmark Daaa to mmturea. if adata set can support the danvat;an .

o of a NOAEL, it should also provide enough information to calculate an ED,, or ED,,

- -{Comments by Br. Gaylor discussed at previous Committee meetings indicate that, "
- fact, NOAELs appraxlmata tha lawar canﬂdanaa hrmta nf tha EDyw

Of cauraa ax;:osura ta any of tha aampanants af maat anviranmantal mixtures
) rarely approach even an ED,,, and tha ahapa of the low-dose portion of the dosa-res- |
~© ponse funation is typtaally unknawn Moreaver the Hazard Quat:ant is nat. as poaad
- in Quaataon 8, a rlak eatlmate, and it ia not nska that are addad

By utal:zmg doaauraapanaa mfonnahan mara quantztanva appraachaa would be
~ possible, ‘Such. approaahaa mlght alaa halp addraaa the question of how to apply
B affact-apacifc RDs. . If separate. doaa-rasponse functions ¢an be fitted to individuat

j . toxic criteria, it ahau!d ba poaaibla to' c:amblna tha avanlabta data in some form of
‘mata-analyals Another patantia! vurtue of ua:ng doae-rasponsa information for
o "mdwidual effac:ts is tha paaaubllity of axammmg potancy ratnas betwaen effects at

‘dsﬁarant paaitiana af tha dasa-raaponaa funat:an Such an examination might affar |
c!uea about where to aaarch for. mtaractiana Tha Carnmnttaa encourages EPA to
utnluza altamatwaa to tha default approaches tha! mvolva additiwty af nska or daaaa |n

.......

3 2 2 Hazard lndaxaa and Thraaholda af Cancem--laaue Seven

The Hazard lndex approach to evaluatnng tha non-cancer hazard of chemical
g ﬁmlxturaa is. crude. and affords far from universal prataatxon for all mixtures. Tha
. Commattea raaammanda tharafara that if toxmolagaca! data on a particular mixture are

o adequate to derive an RfD for that mzxtura the: RID should be.used in place.of the HI

, fappraach Simllariy. nf a axtuahan wara to arise m which the acnanturc understandmg of
the. lntaractlana af chemucais comprlsmg a mzxtura were suffi cient to prad‘ ct, theorati-

.\cally, an RfD for a cham;aal baaad on its’ potentual for. mteractuan tha apphcatuan of

: that RfD wautd ba encouragad by: the Commrttee L \

[
. .
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However the Committee also rec:ugmzes that neither of these cases is apt to

- oceur frequently in bractice. Therefore, some less precise approach, such as the use
of the HI, seems unavoidable. The HI approach 15 not necessarily arbitrary, and in
fact provides a very rational answer for an important class of interactions. Some of
the useful features of the Hi approach may be summed up In the three following
characteristics. The validity of these charactenstics is demonstrated in Appendix 1.

a) Charheterictic 1* If all the chemicals in a mixture act toxicologically as if thay
are dilutions of a single chemical (This type of interaction will be referred to as
“dilution-type* interaction), then the criterion HI = 1 should afford a leve! of
protection that is intermediate between the levels of protection that are experi-
enced as a result of exposure (limited 1o the levels associated with their
respective RfDs) to the individual chemicals in the mixture, Consequently, if
each RfD) affords adequate protection for exposure to that individual chemical
— as is intended in setting the RfD — then the condition Hl = 1 should likewise
afford adequate protection for exposure to the mixture.

~ b) Characteristic 2: If 1) each chemical in a mixture has an effective threshold
when administered in isolation and 2) the RfD for each chemical in the mixture
is below the threshold for that chemical and 3) the intersctions among chemi-
cals in the mixture involve a combination of independent mechanisms of action
and dilut:on-type interactions (e.g., no synergistic interachuns) theri the thresh-
old for the mixture should not be exceeded as long as Hl < 1. [See the Appen-
dix for a rigorous defi mtmn of this class of chemicals.] |

£y Charagterdstio 2 Sven if 2if of tha athar eondiions on the mixhiea In CRaeas.

. terisuc 2 hoid, if the hazard index of the mixiure is greater than one (Hl = 1},
the threshold of the mixture may be exceeded.

Stated more broadly, Characteristic 2 implies that whenever the interactions in
a mixture involve some combination of independent action and. diluticn-type interac-
tions, then the HI approach will always afford at least as much protection as the least
protective individual RfD. Characteristic 3 implies that under these types of interac-
tions, the condition Hi = 1 defines the least conservative approach that is still guaran-
teed to be protettive, and that can be obtained without more detailed mechanistic
information. (A less conservative approach [i.e., one consistent with HI » 1) can in
some cases afford less protection than that afforded by any of the individual RfDs.)
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An example of addihonal meohamaho infonnation wouid be know!edge that all

o of tne chemicals in the’ mixture operate throuqh rnoepenoent mechanisms. If that
- were known to be the case, then srmply roquiring the doses of the oomponent o

chemicals in the rnixture to be below their respaoﬁve RiDs would be less eonaewatwe
than the HI approach and still provloe the same proteotion as that aﬂ‘orded by the
~individual RfDs.. However, if we cannot rule out the possibliity that some of the ,

‘ohem:oals may operate by othar mechanisms of ;oant aotlon then we oannot be sure -
- that thia approeoh afrorda adequate protaotion. g ‘ | '

T

These oonalderatrone demonstrate that the value "1" (aa in Hl = 1) haa a .

-raﬁonal and meamngful baars for deﬂmng a “threahold of concern” for. the HI that is not -

o shared by any other number Under the. atated oond!ﬁons the. unoenamty inthe HI
o approach is, in a sense, no greater than that of the oomponent RfDs. Given thrg,g e
'\ Commrttee does not see any valug,_q_enerallv sggakmg, 10 use numbers other than “1"

in defmng a "thrgangld of oonoerg, However i there. are mteraatnona of the chemi-~
cals in the mrxtura which cannot be. fully characterized by a ‘combination of dilution-
 type mteractron and. independent mechamams of aotlan then the entire HI approach
- maybe inappropnate. Moreover, the use ‘of the. number *1* in defining a8 threshold of
coneern for a mixture, as derived in the Appendrx ooes not take into account the
poeaibility that the jornt severity fo-a particular mdmdual aubjeoted to a number of

- unrelated’ adverae effects. whether they exhibit dilution type interactions or not, may .

. be very great and the aafety of tha mocture may therefore be questmnable, ~

lt ehould alao be noted that none of theee prooerhes assume a hnear ooee

A T T T T ot N T B LA R B B T L e Y- ]

‘--.u..,..-.u \.Jw ‘ iu-.. ::th ) in-...l;-.». c.‘l*.-i..ﬂuauu 13 Gl ;,u e.'urC.\..Lcu \.F\m a HHGGJ aaze .a*;a.sSE

3 2, 3 !nterpretaﬁen of the Hazan:l lndexﬁ-loaue Eight
When the hazard rndex (HI) ra greater than umty, the toxloologre eonnotatrone

" and mterpretauona may oe drfferent depenorng on severel factors

- | a) . lf two or more egenta invotveo ehare the eeme meohamem of tomerty
| . their ooees could well be: addrtzve possibly reaulting in more than the
sum of the addrtlve naka (aee dlsouesron an the Append:x)
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b) if they instead act upon two or more sites aiong a mechanism sequence,
they could well be supra-additive, as are Malathaonlparathian (Murphy,
1969),

c)  If they each act by different toxicalogic mechanisms, additivity of risks for
a common endpoint is not necessarily to be expected; for different
endpoints. the potential hazard could be averastimated.

It should be noted that the occurrence of agents acting in the same target
organ does not imply that they share the equivalent mechanistic properties. Forin- -
-stance, there are many different types and mechanisms of hepatotoxicity. One should
never consider that because two agents cause reproductive (e.g., testicutar) or
developmental toxicity (e.g., cleft pafate), they dperate by the same or even simllar
mechanisms. On the other hand, diverse types of developmantal (for instance) toxicity
can result from the same apparent mechanism, e.g., adenosine tri-phosphate daficien-
cy and mitotic arrest, or interference with directional cell migration.

In the absence of experimental data sets, it is not yet possible to contemplate
whether the slope of increasing risk would be steep or shallow, With adequate
experimental data sets, one could still have different levels of concern, depending on
both the stopes of the dose-response curves for mixture components as well as the
types of resulting effects. The most prudent mode would be to consider that as the Mi
exceeds unity, the potential for risk increases; without a more camplete understanding
of interaction mechanisms, however, we ¢an not state how rapidly this increase
occurs. Also, we cannot rely on comparisons of risk using His for His greater than

vimibag

3.2.4 The RfD As a Criterion of Toxicity--lssue Nine

The OSWER proposal suggests that EPA modify its current practice of calculat-
ing the Hazard Index for mixtures. At present, chemicals in a mixture are assessed
for joint action by computing the ratio of exposure to RfD, then adding these quotients
{o obtain the Hazard Index. Because the RfDs are based on doses such as NOAELs
that are derived from the critical effect in an assay (that is, the effect showing the -
greatest sensitivity o exposure), the resulling Hazard Index may encompass a
spectrum of toxic endpoints and risk levels. ‘Such a meiding of disparate endpoints
may overestimate the magnitude of risk. The proposed modification would calculate
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effect-spesrﬂc Rst instesd snd Is stats ts be more ssnststent wtth the sssumptien

| ef dese-eddmvlty thst gurdes the Hazard lndex ealsr.rlshen

) The srgument presented in the tssue peper hss merit but effers praeussl
drfrcultres ‘One reason is that some Rst are-based on. nen-speeuﬁs endpoints such
-as weight Ioss ‘which ¢an arise frsm meny eeuses Another is the problem of effect
intersctions for example kidney dsmsge may tesd to penphersl neuropsthy. and liver

‘ dysfuncﬂon msy prolsng the CNS sctien of a selvent. L

More desenphve. ﬂexibte mdrces ef jsint ectton mlght prsve useful Assume for .
exemple at least 100 iﬁentmsble contaminants. at a site. If each’is present in - ,.
greundwater. ssy at’ sn sveregs of 1% of its RfD does it make sense to add ali the
Hazard Quotients to derwe a stngle sum- expressecl as a Hazard Index of 1.0? Would
it ba-more ressensble te etternpt to. denve seme estrmste of the degree to wh:eh these
substances sct jomﬂy, ur smbreoe commsn modss of toxucrty'-’

- -
o+ )

As an exsmple uf such an apprsach essume a mrxture of ﬁve chemrcsls each
present at 0.2 of the mdmduel Rst Jr the brslegreel effects of all five' were. totalty

_independent, that i is, affectmg drfferent orgsns systems or resePtors then the total

effect of the mixture: would still be 0.2 ttmes the RfD lf the biological effects of all five
everlspped sempletely, and sr:ted in the same wey on the same system then the total

. effect of the mixture would be ths sum ef the rndrvrdus! Rst or 1.0,

Anether eppreech weuld be ts sonsewe ef the; everisp esturnstes as correla-
tions, - Under this assumptmn -the matrix m:ght then be subjected to Pnncrpsl Compo-
nents ene!ysrs Thet rs. the seu entries would represent shered vensnee

- Assume however thst the rnutusl everlsp 001 Thet is sny one of the'

- chermicals enhenees the effect of ene of the ethers by 1. 0% _Then, the c:umbrned

effects of chemicals 1 and 2= 02 + 2 (01) = D 22 becsuse chemussl 1 enhances

- chemrcsl 2 by 1. O% and tha reverse

. Frthng in esch uf the mterectron sells in the 5%5 mstnx (1 0 eells) yrelds .02 x

. 10= 0 2, Therefere the: tetal propertron of bielogncslly effectwe RfD is 0. 4 rather than
o 1 O whrch would be the current dsfsult Hezerd Indsx SN :

‘.'..'; :
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Perhaps such a value could be expressed by a matrix (1 00 x 100 in this exam-
ple} in which each cell contains an estimate of ovarlap or joint action, defined else-
where as “commonality” (Weiss, 1986). We would expect commonality coefficients
within chemical classes, for example, to exceed commonality estimates between
classes. Although these estimates would be expert judgments, they need not be any
more vague than the EPA approaches to probabahstic risk assessment or any less
cagent than Office of Toxics Substances' reviews of chemical struclures. Sucha
matrix might substitute for, or be an accessory 1o, affect-specific RfDs.

o

A first step in this ambitious projec:t would be to group chemicals for spemﬁc
effects into groups that are likely to operate through some combined (l.e., non-
. independent) action. The next step would be to assign some type of interaction term
to ail pairs of chemicals in the same group as suggested above, This step is likely to
be more difficult as well as gontroversial. Until these interaction terms are developed
‘and adopted, EPA could make an incremental improvement just by taking advantage
of the presumption that chemicals in different groups operate by independent mecha-
nisms of action, but otherwise retaining other facets of the current approach. The
result would be an approach that is similar to that proposed by EPA, except that
chemicals which cause the same endpomt would not necessarily be assumed to
operate by a common mechanism of action.

Finally, the proposed modifications remain captives of NOAELs and their
relatives. Contrary to what is stated in the issue paper, effect levels are not thresh-
0lds as is noted repeatedly in EPA documents. Examine the case study of chioroform
-- the LOAEL for liver damage is 12.9 ma/Kg daily, and the RfD is calcuiated on the .
basis of an uncertainty factor of 1000. The NOAEL for kidney effects (based on the.

same dog study) is also 12.9 mg/ka, but in accordance with EPA oractice. it Is divided
Oy &Y uncernainty facior oF 100, The compansons imply the assignment of a sevenly
index that probably is unjustified on the basis of these kinds of data; moreover, the
basis for such an assignment is nol adequately explamed The absence of dose-
response factors is a further defect.

Despite these problerns with the proposed approach, it Is not nearly as serious-
ly flawed as the two alternatives presently in use. The "critical® effect approach
ignores the fact that a chemical can cause an effect even when that effect is not the
critical effect and therefore is not health protective. On the other hand, the "Super-
fund” approach assigns the RID of the critical effect to all effects of a chemical, which
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’ 're o!eeriy ovedy oonservetrve. The proposed epproeoh whroh involvee oeiouletrng an
RfD for eech organverte for each chemir:al and then combmmg over the chemicals for

. each organ site, and then ‘combining over organ sites is, d9$Plte 'ts fiaws, an im-

o - prevement over erther of these two alternehvee.

Rst for mdividuel agente heve dteer velue m nsk menegement rn eethng "gafe®

o ‘hmrte of exposure for such agents (thet is. very low, essentially zero — of perhaps
.~ even zero - risk limits) and HQs for indivlduel agents clearly measure how far from or
close to the RfDs the actual expoeuree are for those agents. ‘The Hoe gives
- measure of rigks at the ectual exposuras relative to those if the exposures were eqoer
e the RfDs - at leeet for HQs ebove 4 0 and poeerbly below dependmg on the .

. existence or nonexistence of thresholds and where the RfDs are located with respect
. tothe thresholds 1deally, in. eseeeeing e mixture of agents ueing the RID ooneept. the
. RID of the: m!;ture as’ determined from exposures ueing the rmxture itself, is what is

) needed to assess: the eefety or lack: of eefety (the lack or preeenoe of risk) of actual

. exposures to the mixture: " If such a “mixture' RID" were available, then the HQ for. the

~ | mixture would mdroete nek reletrve to the RfD en HQ of 1.0 being, again, the d‘md‘ng
' “:llne between sefe end uneefe“ | Expenmentelly determined RIDs for specific
- mixtures are generel!y not evezleble end itis not generelly prectroe! dunng a particutar

o eeeeeement to obtern them lt has been euggested thet His greeter than 1.0 should

- .- suggest pertaeuler ooncern en HI for £ mixture m thre eenee be:ng teken as a kind of
‘ surrogate for the actual HQ of the mrxture ' ‘ o : . ‘

‘ Conerdering two ceeee helpe enswer the queebone rereed here {a) In" denvrng

. RiDs from expenmental dete the ongmel rdee was that, for non-oercinogenxo adverse

| ‘effects, threeholde exist end thet the RfEDe reoreeent safe doses located somewhere
vEow W nadnod Ugses (or e.:orz eﬂem - now far beiow not oe;ng mown, ana {vj it

~ may be, rneteed that. there is resrduel risk bo!ow the RfD beceuee there is no- threehold
o, elternetively. that there se e threehold but the RfD is. eet unzntent:oneﬂy. some-

| '.-where above rt. LT ‘.g‘ T RE

ln casa (a) lt re easy to show, wrth a few nurnenoel exemplee thet a hrgher Hl

"+ .does not necessarilyimply a ‘higher risk." Considering (b), the actual risk - the proba-

brlsty of a pertiou!er edveree effact - oorreepondmg o the RfD is not known end can
: drffer oignrf c:antly from one RfD to enother | -

SEEE T
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Nothing in the various procedures for datermining RDs is aimad at ensuring
that RfDs are determined at either known levels, or a fixed level, of risk Comparisons
of HCs for different agents is therefore not meaningful from a risk standpoint since the
ratios depand on the RfDs determined at varying but unknown levels of risk and reflect
this variation. An HQ of 3.0 for one agent, for example, might not indicate a higher
nisk than for another agent having an HQ of 2.0 if tha RID for the first agent was, by
chance, determined at a sufficiently lower value of risk than was the second (depend-
ing, also, on the shapes of the dose response curves at low doses). Summing the
HQs to produte an Hi inherently assumes that the HQs are comparable. Since it
cannot be generally known that there is comparability of HQs and since comparability
does not therefore exist in general, the significance of the sums is, in turn, in doubt. |t
cannot be known whether a given mixture having a larger Hi than another mixture |
represents a greater or lesser risk compared to that mixture; if it were possible to
- derive RfDs at some standardized risk level, it might be possible to develop g basis for
comparing HQs and for forming meaningful HIs.  In the case that the dose responses
of individual mixture components at low doses are linear and e:'ctend'to zero, for
‘example, HQs are just the ratios of the probabilities of effect at the actual EXPOSUres
to those at the RIDs; if the RfDs were all determined at a standardized probability
levei then the His would be proportional to the sum of the probabilities of effect at the
actual exposures and under these circumstances the His would offer measures of
relative risk. No accounting for synergism, antagenism or of joint severity is included
in this approach (nor are they in the HI as now defined), and the implicit assumption of
dilution-type interaction may well be invalid for many interactions.

From the foregoing discussion, we can state that His do not have general -

meaning with regard to refative risk, and their undiscriminating use can lead to giving
= 2enrag of unwarrantled comfort to the urwary, A Rish Wi —ay or may net maan 3
high relative risk and a low.one must not be taken to mean that the re,l'eative risk [s
necessarily low. The contributions of individual agents need to be considered
individually; in addition, the combined effects of agents present need also to be -
considered, taking into account at least the modes of action, when known, of the
organs or systems affected, and the possible joint severity of the effects — all this
aside from any synergism or antagonisms that may be present. Even if synergism
and antagonisms are not present, the total severity of baing affected independently by
mare than one adverse effect (or by effects caused by more than one agent) can be
much greater than the severities of the individual effects might lead ona to beliove:

and the risk (defined as including both severity and probabiiity) will therefore be much
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o greater too, than might ba antie:pated by eonsldering the array of tndtvtduat HQs
St a]gng R "“-ﬂ’ Wl : o ‘

- wy

Mlxtures eontainmg one or more egente the HQe of whteh ere greater than 1.0 :
may pose a risk on the basis of the RfD eoneept; those not containing such agents

o ‘cannet be congidered nek-free howeves, and must be aubjeeted to further exammaﬁon o

o |- a8 muet the former, sinee. radueing expoeuree to reduee the HQs greater than 1 0 to |
o ‘values iees than 1.0 wm not neoeeearily brtng the tota! rtsk to a low enough tevel

Under eondmone deeeﬂbed m full m the Appendlx and elsewhere in the body of

. thig report a Hazard Index of-1 for a mixture can have special meanings in relation to

" the RIDs of (e indwndual chamieals the ertterion Hl = 1 affording a level of proteet:on
. that i is at least as proteotwe as. the leaet proteetive RfD fora emgle ehemieal inthe -

' mixture. However, this may not be the case if the HI exceeds 1.0 for a mixture. -~

- Moreover, if some of the: ehemieals unteraot eynerg:etleally. then the condition Hl =

" 'may not afford adequate proteetion ‘On the other hand, if the ind'mdual memieals
 have independent meohamsme of actlon then the mterion HI =1.0 may be overly

- protective. Whenever there is no, or very limited, information on the types of interf -

~ actions that exist among the ohem:cate within a speoat‘o rnlxture the Commitiea
‘euggeste that the HI; :noludmg the ontenon of Hi= 1, be. considered (along with’

| whatever other mformetloh may. be'avaitable) for poeszble guadanee unless tnfonnat:on :
- becomes available whnoh oonﬂrms the vahd:ty of Hl = 1, or unless information on

L ‘lnteractnons becomes avaxlable whioh permnts the development of ah appmpnate value
of Wi or another eritenon ‘ ‘ S

The Oommittee realszee that moat Superrund deo:enone muet be made on the

- Y by
ane of !"""'" n':.'-* L3 ;"'a.. mb....': ‘. “L "'- f ’mﬁﬁ'":‘::l; aifos MauGF.’. tlil\}l .;:uu.&uul" .._,, ul

; eeurse the reot oauee of the eatamation probtem wzth wh:oh we must oope, -
3 3 bee 1n Geal Setttng
:\3'3 1 EXWSUPE‘SCEhanos-lssuéfﬁfﬁ- o

OSWER m:tnalty eonatdered two approeehee for ueing RfDe m eettmg fisk-based

remediation goals i in soil: 1y oompaneon ot a G-year ohltdhood exposure to contami-

nants in soil wuh a eub-chrome RfD; and, 2) compaﬁeon ofa 30-year time-we:ghted
N average expoeure to eontammants in eotl (lnctudmg exposurae to both c:h:ldren and



adults) w;th a ohronlo RfD Now a third appruaoh has been proposed oomparison of
a 6-year, childhood oxposuro with a chronic RD.

The second approach proposod by the OSWER probably is the more reasor-
able. That is, to compare a 30-year time-weighted average (TWA) exposure with a
chronic RfD. It is fikely to be adequately conservative. Comparison of a six-year old's
exposure with @ chronic RfD (a third approach) may be overly consétvative, It also
assumes the six-year old is the more vulnérable. The second &pproach accounts for
variable susceptibility with age in a more conservative manner than does method
three. Actually, all three methods could be considered, and the one giving the most
conservative (in the absence.of specific information) or the most reasonable estimate
(in the presence of such information) used. It would be helpful to see a group of
diverse examples for all three approaches. Perhaps the most relevant exposure
scenario could then be selected (i.e., childhood vs, lifetime). Clearly, the model
selected must be one that accommodates the most intense future land utul:xatlon e.q,
housing, iest repeat remediation become necessary.

*

3.4 Short-Term Toxloity Values
3.4.1 Interim Estimates of Toxioity--lssue Eleven

The methods outiined in the !ntenm Methods for. Devefopment of Inhalation
Reference Concentrations are a reasonable approach to determining short-term
loxicity values. Basically, the approach is to find human toxicity data (if possible) or
animal data of the appropriate duration (or as close as possible to the appropriate
durauon) that indicate a NOAEL. The NOAEL is then used to set the RIC, based on

¥ .
Ta wDARL fadiusisd for duration) divided hy.unseriainly of mosifying faziors, Cans

must ba taken in adjusting the NOAEL for the duration of exposure for compounds
that cause acute effects based mainly on concentration and not duration of exposure.
As noted in section 3.3.1, concerning time-weighted averaging, caution must be used
when the relevant extrapolation ranges are fairly broad.

‘ A major concern in the calculation of short-term toxicity values is to choose
appropriate uncertainty and modifying factors 5o as not to exaggerate the potential

toxicity associated with a site or a specific chemical and yet protact {he public health.

it will also be important in assessing risk from short-term exposures that the exposure

"
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- time end the averaging time ueed ere consistent wuth the sherteet pened of trrne that-

. - \ceuld preduee an effeet (sechen B 4, 2 ef RAGS-A) Tt

S There are twe eddmenel eeurcee of informet:on on short-term toxieity ve!ues
5 One i is the Emergency Reepense Planmng Gurdelinee (ERPG) of the American
- Cenferenee of Govemnmental Industrial Hygrenists. “The second is the communlty

. Emergency Exposure Levels (CEELS) being developed by a National- Academy of

o “Scienees Commnttee epeneered by the EPA. The eppreeehes of beth of these
‘eernrmttees shduld be mnssdered in develeping short-term texierty values, A!theugh

~some of the short-term exposures of interest to the EPA at Superfund sites are of a
o _longer duretlon than one. to eight hours; ‘the eoncept of pre\ndmg some meaeure Gfthe

: doee-respense charecteriet!cs ofa chemreal i5 an excellent one. For persons in risk

L “management, it is mportent to know if the level of a chemical that causes mild

itritation Is two trmee orone thoueand trmes Iewer than the level that is life threeten-

) | “ -ing. . The ERPG and CEEL methede uee multnple gurdance levels (ERPG-1 ERPG-2,
o MERPG-a or. CEEL-1 CEEL.2, CEEL-3) to provide some doee-reepenee information for
. the chemical of concern. The Iower guidance level, such as CEEL-1 or ERPG-1 is the

“level below which the chemical is. untikely to cause mlld effects such as discomvort or

*irritation. The second Ievel is the level below whrch the chemlcel is unlikely to cause

toxie. effects !eedmg to disebrlrty that could mterfere with taking protective actions. The
o .third level is the, level that is lrfe threetemng These short-term texnclty gurdence levels

o are eet for epeuf‘e trmes of expoeure (one er erght houre)

3, 4.2 Shert-'renn Air Aehon Levele—-leeue Twelve

The method propesed by Reglen G suggeets the poee:ble uee of OSHA
‘Levele (STELe) ie derwe enort-terrn actren Ievels when e!temetwe EPA RfD data are
not avartabte Cleerly the abeenee of en RfD does not mean that there should be no

.. . short-term action level, Ideal!y the data used to denve the OSHA standard sheuld be
S examined 1o see if the same data een be ueed to denve an eppropnete RfD The use

'eubetanees hence the use ‘of EF?A

of EPA denvetren methods weuld hetp promete eoneretency across various hezerdoue
metho | : ed Where this is not X
s or practical, the use of heslth data on which QgHA standards have been
_could be conSudered‘ tekm into account differences between the worker -
"population and the general population. in its consideration of adapting EEGLS to the

R generel populetren the Nenenal Research Counm! (Criteria and Methods for Prepen‘ng




Emergency Exposure Gu:dance Level (EEGL), etc., 1935) applied a safety factor of
two for sensitive subgroups of the general public and a safety. factor of ten for
newborn infants. The rationale used to derive these safety factors should be reviewed
to see if it is apprapriate for PELs and STELS as well.

3
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4. CONCLUSIONS

The DSWER e ettempte tc ccdd’y and ec rncreeee the censietency of lte eite-'

B specmc risk assessment methodclcgy are praiseworthy.  The need to deal with wide 8

ranges of ccnteminants often in ccmplex mixturas with exposure. thrnugh muitiple
~ media, poses deunting problerne for nelr esseesment. Althcuqh the OSWER has |
(understandabily) not succeeded fully in meeﬂng the goals they set for themselves in

| | , e producing the HH&'M decument, they have made & good start. The fellcwmg com.
- ments eummerlze the Committeee majcr fi ndrnge speciﬁcelly ‘noting where we bel:eve'

~a redirecucn in epprcech ie called fcr end prcviding edwce where poeerbie

o  The Ccmmrttee ls cf the: cpmicn thet there ere ecme eeﬂcue difﬁculhee bcth

: ccnceptuel and prectlcel wrth the epprcech recommended in the RAGe dccument for
' ca!culetlng an RME beeed cn a UCL on. the everege ccncentraticn at a site. |

Flret a UCL fcr the meen t:oncentratrnn dcee not leed lcgicelly tc a reaecnebie :

. .'_mexrme! expceure The current epprcecl'l eeeumee that the eamples taken are

repreeentetive of thcee areas where expceuree ere mcet lakely to oceur: “The RME is .

~also a function of the number of samplee everleble' a Ierger number. of eemplee wil -

resultin a emeller RME even rf the samples are not representetzve of exposure

cppcrtumtlee “For exemple rf a site is well-cherecterized S0 that the UCL is very

- close to the true’ meen but a "hot spct" is very ettrectwe to viertore, then a cignrﬁcent

~ fraction of visitors o the e:te (perhepe the. majenty) cculd be expceed tc leveie R
elgmfcently hrgher then the UCL r :

Seccnd 1 ca!cufete the RM'-'- the UCL an ccn"-en"nt:cn is rcmb'ned ,t.fn‘h ef'*“w "

\ o percenme vaiuas for. same vanecsee and 50th percennie ve!uee for cther veneciee in

~.an ed hoc feehicn meking the reeulting RME very d;ﬂ‘cult tc interpret.

Thrrd the UCL on. the meen ccncentretrcn does nct teke intc ecccunt the
epetrel distribution of ccntemlneticn weu-e-vie the relelive frequency with which peeple n
~are hkeiy tc vielt vencue perte cf the site : \
Fcurth the celculetuen cf a UCL requlres statretrcal eseumpricne thet are. .
‘.generally not met by sempling piens ata supen‘und ente Asd ccneequence statisti-
- cal prcceduree can scmeumee prcduce e UCL that hee litte, ©f eny. re!etrcn to actual
' ccncentretucne at a slte S e ST : ‘

R R



Because of these difficulties, the Gommittee recommends that the EPA move
towards a 'full distributional approach” to calculating the RME, In such an approach, a
distribution is developed for each of the Input terms in the exposure equation, These
distributions determine a distribution for exposure, which ¢an be caleulated using -
Monte Carlo methods. A particular percentile of this exposure distribution, such s the
90th percentile, could be used as the definition of the RME.

If pecple are more likely to visit certain areas of the site than others, then the
spatial distribution of contaminant concentrations about the site needs to be consid-
ered when quantifying human exposure. Kriging and triangulation are two statistical

‘methods for quantifying coricentration that take into account the spatial distribution of
samples. These approaches should be considered for adoption by EPA.

As part of the effort to implement a distributional approach for quantifying
exposure, EPA should develop default distributions for exposure parameters that are
unlikely to vary significantly from site to site. However, the collection of site-specific
data is encouraged in instances where site-specific conditions are unique and there is
a reasonable possibility that use of default distributions developed from regional or
nationa! data could lead to gross errors.

The Committee recognizes that some fime will be required to implement a
distributional approach to quantifying exposure. in the meantime, some version of the
current approach may have to be used. The Committee has two recommendations
regarding the application of the current approach during this interim period. ' First, as
long as some type of mean concentration is to be employed to estimate human
exposure, the Committee agrees with OSWER that an arithmetic mean is more
SERICRNEIE EN 8 geOMEind meal. SeLind, given g Gilicuny i HgIprEng he
RME as presently caiculated, the Committee recommends that some type of 'most
reasonable’ estimate of exposure also be calculated and made available to risk
managers along with the RME, . | i

The issue of risk additivity from exposure to eomplex mixtures remains a
difficult question. The Committee is concerned about the approach of using RfD-
derived Hazard Quotients/Hazard Indices as a basis for adding "risks." ‘In our opinion,
the Hazard Quotient is not a risk estimate, and it is not truly risks which are being
added when the proposed approach is used. We would much prefer to see quantita-
tive applications using dose-response data (not the "point" data represented by
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' " LOAEUNOAEL—derived RfDS) te dnve riek eeumetee. Further we euggest thet the
R Agency develep and use eltemetuvee to the current defautt eppmeches that. assume
T .'nek eddltivity whenever there ie a reeeoneble eeienuﬁe basis for so deing

The use of the HI itself een be mleleading. and it eheuld ueed ae a “fallback,”

R wi{h full recognition. of its pussuble inepplmabiliw only when more réfined toxicological

" data are not available. ‘As noted in section 3..2.2 of the. report (and demonstrated in

L the Appendtx) the eendatlen "Hi= 1" deﬁnee a “threshold of concern” that is not

- ehered by any ether value. for Hl and fer whleh under speeaf ied conditions, the uncer-
' tainty In the HI appreeeh is no grealer than that of the component RfDs. The Hi

. -approach is jnvalid, however Hithe. chemieals in the mixture canriot ba fully chardcter-
" ized.by @ eembmetuun of dilutlen-type mteractiene and mdependent mechanisms of

'1 " action. ‘Another mstance in“which’ the Hi=1 epproaeh may not adequately address

“the sefety ofa rnixture securs when there ie e-h:gh joint seventy of total eﬁeet in
e mdwzdue!e eubjected to a number uf unreleted edverse efrecte (regerdleee of the -
. rneehememe ef ection) L .

lnterpretetsen ef en HI greeter then 1 een very dependmg en eevere! tox:culogl-

. ual fecters the existence of common mechenisme of toxicity {in which case doses

could be addltwe ceses m which the agents act upon two or more sites aleng a

* mechanism eequence (reeultmg in. eupraeddativity), and mstaneee in which the
: eubetancee act by. dnfferent texaeelegie meehamems (m which case, potentze! hazard

| .could be overestimated, Although it is hkely that risk increases as the Hi exceeds 1,
. we cannot state wlthout a mere eomplete understandmg of interaction mechamsrns)

* how rapidly. this i mereeee QRCUTS. : For: thne eeme reason we eennet rely on Hl-besed
. c:empensone ef neke fer Hls greater then 1 | - : :

o me prepeeed guluance recummenus medafymg current poilcy and using the

RID as the- te:ucnty ‘criterion for eech of tha other eﬂ'ects helieved to ba eeueed bva
- . given agentina chem:eel rnixture “This preposel is riot without ment since the
. cumrent eppreaeh melde many. daeperete endpemts and mey overestamete fisk. The

' ‘propuea! suffers however from prublerns uf its own-—it does not deel with effect

~ interactions, nor' with' the fact that: rnany Rst are based on non-specific endpoints
~which can stem from many dlfferent eeuees The prepoeed approach, despute its
E j!m'utatmns is an :mpruvement over. the attematwee preeently m use.



QSWER discusses three approaches for using RfDs to develop risk-based

. remediation gnals for contaminated soil, involving differing exposure scenaries and
target populdtions: 1) comparison of a 6-year, childhood exposure to contaminants in
soil with a sub-chronic RfD; 2) comparison of a 30-year, time-weighted average
exposure to contaminants in soit (including exposures to both children and adults) with
a chronic RfD; and 3)comparison of a 6-year, childhood exposure with & chronic RID.

The most reasonable and supportable approach appears to using a 30-year
time-weighted average with a chronic RD, but differences between the three propos-
als are 'not dramatic. OSWER should study all three approaches applied to a dcverse
set of examples in order to verify its ulimate cholce (or range of choices).

The Committee sees no partlcular problems in the exnsnng approach for dealmg
with short-term toxicity estimates. As in all cases when using time-weighted averag-
ing, care must be taken when the extrapolatnon ranges are broad. The Committee
suggests that OSWER take cognizance of the EPA-sponsored work at the Nationa!
Academy of Science on Community Emergency Exposure Levels, and of the work on
Emergency Response Planning Guidelines by the American Conference of Govern-
mental Industrial Hygienists.

The method proposed by Region 6 for setting short-term air action levels calls
for the possible use of QSMA standards, such as Permissible Exposure Limits (PELSs)
and Short-Term Exposure Levels (STELS). The data used to deriva any OSHA stan-
dard so used should be examined o see if the same data can be used to derive an
appropriate RfD, The use of EPA derivation methods would help promote consistency
across various hazardous substances; hence the use of EPA methods should be
SoaoWiagE. NiErE SN s oot pGSSiCiﬁ of J.,n;aa..uudi e Usa of nesiln gata on whien

Q8HA standards have been based could be considered, taking into account differen-
ces between the worker population and the general population,
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APPENDIX A - CHARACTERISTICS OF THE HAZARD INDEX

if n chemicals in a mixture operate by "dilution-type interaction” (i.e., have the
same toxic properties as if they wera all dilutions of the same chemical), then the
probability of an adverse effect from simultaneous exposure to doses E,, ..., E, of the
n respective ¢chemicals can be expressed in terms of a single dose response, P(d),

T P(ET +, .. +E,T), (1)

where T,, ..., T, are toxicity equivalent factors (TEFs) for the respective chemicals,
TEFs are used by EPA to assess risks of mixtures such as thosa comprised of dioxin,
furans and some PCBs that are thought to have a common mechanism of action.
Note that this formulation makes no assumptions regarding the shape of the dose_
response, P(d). E.g., it can be linear, nonlinear or even include a threshold. The
shapes of the dose-respanse curves of individual components, relative to each other,
must be such as to result in the “dilution type interaction.”

Itis clear from this formulation that the RfD for chemical i is equally protective
as the RfD for chemical 1 i \ \

R,Ty=R,T, | (2)

where R; is the RfD of chemical i (that is, that each chemical, at its RfD, elicits the
same response as others do at their RfDs). .

The validity of Charasteristic 1 is now demanstrated. Sunpngs kst 7 Myt
GEL M NG NAL G RiSs TOM S4CH Of N8 N LASHNCGES are eQuany prolecive, nal
means that the component doses E, satisfy

HI=%+...+%'=1 o - (3)

If we solve for R, in expression (1) for i > 1 and substitute this for R, into expression
(2), we get
‘ E

HT = -1 +
Rl

E.T, |, . E.T,
RJ.T:L RI.TI

=1 (4)

or, equivalently,

A-1
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L sameas the risk from exposure to

EL RN eRT g,
. However, this exprassion Says that exposure 0 the miture provides exacty the.
Sama risk as exposure {o:the RID of chemical 1 alone, which is by assumption the
the RD of any cther of the n chemicals. -

.. Next consider the. case l'n‘.\*vh,im'all‘,'Rst'df.thunichen'ilcals are not equally .
protective (i.e., the product of the RfD and the corresponding TEF sre not the same |
for ai chemicals). Suppose, without 10ss of generality, that R,T, £R[T, or, equiva- ~
fantly, R, = RTJT, for i=1,...;n.’ Replacing R, I>1, in‘squation (2) by the right side of
this inequality yields. 0o PR =

. —-—**5?3.11 S tey

'- ~er, equivaienﬁy.:f o o
BT RIRTSGNET, LRI

b

o Similarty, S

. These two inequalties indcate that expostire to the mixturs with an Hi of 1

poses a risk that is intermediate between that posed by the most protective and the

least protective of the RfDe of the indluidual samicals Uewavar f 1na R Tor sdea

Sgvicual Shemicat is :s'mﬁ;aan'tiy.{,prntecﬁve,' then the protection afforded by the

- condition HI'= 1 must be sufficiently protective as well (because it is mare protective
than the least protective RfD). .~ .~ - - W e

a

- Next we demonstrate the ‘validity of Characteristic 2, The assumption here is -
that the chemicals in the mixture can be' divided into subgreups; such that chemicals
- -within each subgroup have dilution-type interactions and chemicals in different -
- subgroups have ,indep’endeﬂt,jlmfchani'sdmg‘Qf-'a,t:;tiﬂnj; “Independence of action implies”
.. that thresholds for a given chemical are unaffected by exposures from other chemicals
- having independent’ mechanisms of action. le., ifa given dose of & particular

o chemical (or combined dose of chemicals having dilution-type interaction) is below the

threshold for an effect (i:e., does not increase the likelihood of an effect) when given in



¥

-

isolation, then that same dose will have no effect when given in combination with other -

chemicals having indepsndent mechanisms of action.

Now suppose 2 mixture has HI = 1 and is composed of doses E,. E,, ..., E, of

its component chemigals, This means that the component doses satisfy expression
(2). . Without loss of generality, suppose that E. Ej,... E, Wheream < n, are the
cemponent doses from one of the subgroups of chemicals that have dilution-type
interactions, Since HI = 1 for the complete mixture, it follows that, for this Subgroup,

we have

E, E, - |
—_— %, ,, + =B ¢ {$)
Ry Ra

-

which, reasoning exacﬂy as before, implies that

E\Ty + E;T; + ... + BT,

_ (10)
< MAX(R,Ty, ..., R.T,)

This, in turn, implies that exposure to doses Ey. -y Ep in this subgroup is no
less protective (i.e., is no more likely to cause an adverse effect) than exposure o the
least protective RfD in this subgroup. But if all of the RfDs are below the raspective
thresholds, then exposure to this sub-mixture will likawise not increase the likelinood
of an adverse effect, at least when exposure to the sub-mixture is in the alisence of
other exposures, However, since we are assuming the other chemicals have mecha-
nism of action that are independent of those in this subgroup, exposure to this sub-
mixture will have no effect even in the presence of the remaining chemicals in the

"o T nree s s mrn m o gl Cp L ima fa
R R AT T I Y - 4 ‘ac..mu.u; W e i e a4 g

To demonstrate the validity of Characteristic 3, we simply note that if a mixture
is comprised of chemicals with dilution-type interactions and if the RfD for each °
chemical happens fo coincide with this threshold, then, by the same reasoning that led
to expression (4), we have

which implies that the threshold for the mixture has been exceeded,

A-3
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 APPENDIX 8- GLOSSARY

, CEEL o Commumty Emergenc:y Exposure Levs!s

. CERCLA - 2omprehenswe Envrronmentsl Responss, Compensetion and Liabzlrty
. . ct T
" .CNS * Central Nervous System. | e "; o
ECAO - . Environmental Criteria’ and Assessment Oﬂ‘ ice . '
- ED,, - Effective.Dose (level at which 1% of test animal subjects’ are effeoted)
... EDy - Effectiva-Dose (level at which 10% of test snimsl subjocts are aﬁaﬁed)
: -._,;,_'."EEBL - “Emergency Exposure Guidance Level:
.EPA " . ' Environmental Protection Agency. = - -
©  ERPG 'Emergency Response Planning Guioelmes
= -HHEM - Human Health Evaluation Manual - -
~ HI . Hazard Index. . .
-~ HQ . - Hazard Quotnent . o .
- LOAEL - Lowest Observod Adverse Effects stel :
MEL ‘Msxlmally Exposed lndiwdual e
MOV Maximum Observed-'Value. -~ .
- NOAEL .. No Observed Adverse Effects Level o ,
- Q8HA Oooupational Safety.and Health Administratioh.. -~
- OSWER -Office of Solid Waste and Emergency Response R
PEL = :  Permissable Exposure Limit. -
- PRP - Potentially Responsible Parties . '
RAGS . Risk Assessment Guidelines for. Superfund -
RIC " Reference Conoentratron =
"RfD - . -Reference Dose .
RME- - Reasonable Maximum' Exposure , S
.' *-’gTEL Short-Tenn Exposure Levels : S AR
SRR L '“.*:H*! Fmihalant B adil o
TWA ﬂme-weighted Averege -

%UCL  “Upper Confidence: Limit .
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